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ELECTROCHEMICAL BIOSENSORS AND PROCESS FOR IHEIR 
PREPARATION 

FIELD OF THE INVENTION 

TTie prescnl invention conccms new dcctrocheniical bioscnsois based on composite 
transducers containing solid bindii,g makers, prepared by inco^oratihg a blocatalyst into 
die bulk of said transducers or by applytog a biocatalylic layer onto the ^ce of said 
transducers. He bioscnsois of the invention are useful in the detcnnination of the 
concentration of specific analytes in sample sohiUons or suspensions. : 
PRlORARTDISCLOSiJRE 

A biosensor is a device incoiporating a biological sensing elcmenl either intimately 
connected to or intcgratctf wiUiin a trajcducer. Its usual aim is to produce elcctromc 
signals which arc proportional to the concentration of the spcdfic substance which has to 

be determined. 

Analytical advantages of biosensor conrfst in their spedfitity, sensitivity, simple 
15 inanipulation, rapid response and consequent low costs of analysis. These specific and 
sensitive devices have been used in medical diagnostics, in monitoiing food quality and 
freshness, in environmental momtoring, in fermentation and analytical control, and so 

OD. 

Electrochemical biosensors, espedally amperomctric ones, play a sigiiificant role in the 
20 applications of these devices. Ampeiometric biosensors of the second generation, based 
on redox reactions, arc characterized by the use of chemical mediators instead of 
molecular oxygen. During the transformation of a substrate by a bioacUve material, 
chemical mediators shuttle electrons from the redox centre of the biocatalyst itself to die 
indicating electrode and the corresponding ampeiometric signal is measured. 
25 One of the most promising groups of chemical mcdiatois consists of metallocenes. and 
in particular feiroccnes. The first successful enzyme electrode based on ferrocene was 
prepared by.Cass ct al. (4«a/. Chem. 56, 667-671, 1984); in this glucose sensitive 
sensor, the electrode was prepared by soaking a spongy carbon foil with l.r-dimethyl- 
fenoccDc and the enzyme glucose oxidase was chemically immobilized on the surface of 
30 this electrode. 

Utcr on, Dicks ct al. Qinn. Mol Oin. 47, 607-619, 1989) prepared a gold 
microelectnxic covered wiUi a polypynol fibn, on which glucose oxidase and ferrocene 
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were adsoibed* However, these electrodes^ haviiig chemical mediators adsorbed on the 
sui£ace of the device^ show poor stability due to the leaking of the mediatpxs out of the 
transducer. 

Since the late 198Qs, intensive research activities yi&t devoted to the development of 
5 biosensois based on Caibon Paste Electrodes (CPE^ a caibon paste electrbde is a 
mixture of electrically conducting, graphite or caibon with a pasting liquid, e:g. paiaflSn 
oil, silicon 0)1, Nujol etc. 

This kind, of electrodes has the advantage of allowihg bulk modification of the elctrode 
mateiial with biocatalysts, as well as with other adviantageous conaponenti^ essential, for 
10 the effective functioning of the device. Furtbeimoie, bulk modification allows to create 
sensors with renewable surfaces, so that each measurement can be performed on a new 
surface of the electrode, thus avoiding the drawbadcs due to previuos measurement 
residuals. 

A CPE is commonly prepared by mixing carbon or graphite powder with a biocatalyst, a 
15 chemical mediator and optionally a co-factor, and by finaUy adding one of the above 
mentioiied pasting liquids!. The thus obtained paste is packed in a suitable tube, so to 
obtain a disc electrode (L Gorton, Electroamfysis, 7, 23-45, 1995X These biosensors 
can be used for the detection of different analytes, such as glucose, fructose, galactose, 
ethanol, glycerol, aminoacids, lactate, xanthines etc., and are based on the corresponding 
20 oxidases and co-factor depernlent dehydrogenases. 

Nevertheless, O'E based biosensors show the following practical drawbacks and 
limitations: 

i) poor mechanical, properties, due to their paste creamy character imparted by . the 
paisting liquid^ often leading to easy disintegration of the system; 
25 ii) poor compatibility of the paste with the biocatalytic enzyme, due to their opposite 
chemical properties (an enzyme is usually hydrophilic, while paste is strongly 
hydrophobicX often leading to phase separation (biocatalyst/transduccr); 
iii) leaking of the mediator out of the CPE, due to poor compatibility of CPE with the 
mediator. 

30 Finally^ the above mentioned features of CPE hinder or signiScantly reduce the electron 
transfer from the biocatalytic site to the electrode. 
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diaMmog the e«z)™clBii«oe«fl», ai«,e B» 1». oy 

s.bs..,e ,„ d«cc,ed i. , ^ ,^„e. ^ ^ ^ 

ip- (for «a«pfc, » ^ ^ „, „^ ^.^j _^ ^ ^ 

15 chain linked to the main chain, etc.). . . i^j. u«, 

Nevenhdess, the covalent attachmcn. a .Mediator to .he enzyme has the g^. 
disadvantage of changing the elect^chemical p»perties of the mediator itself 
consequenUy reducing its mobiUty and affecting its leacUon late with the enzyme 
Moreover, the procedures and operative conditions used in the modificaUon of enzymes • 

-0 are rather drastic for biocatalysts; chemical modification am significanUy .educe 
enzyme activity and stability, leading to a consequent decrease or total loss of activity 
When naturally low-stablc enzymes are used. Furthennore, said chemical modification 
leads to an macase of production costs, 

^ ^"^'>-'''«-^felttheneedofdevisingalternaUvedectr«^^^^^ 

25 ^'hWgher .stabiUty and efficacy wiU. respect to the known devices. 
SUMilARY OF THE INVENTION 

Now. the Applicant has unexpectedly found new electrochemical biosensors based on 
composite tnmsducen, comprising at least a soUd binding maker, as defined hereunder 
able .to overcome the drawbacks of the prior art. . 
30 The bicfeeniors of the invention comprise: 

a) at least an electro-conductmg material, in the form of powder or grains; 

b) at least a chemical mediator, 
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c) optioD^Iy, a substance capable of sorption of said chemicd^^ 

d) at least a solid binding maker, which is a compound in solid state at room 
temperature, selected fibm the group consisting of: linear or branched, saturated or 
unsaturated hydrocarbons, containmg from 12 to 60 carbon atoois, preferably from 12 to 

5 30 carbon atoms, optionally subslimted with at least a group selected from -rOH, -SH, - 
fni2, -CO-, -CHO, -S03a -C(X)H. -ORl, -SRI, 

Rl and R2 are indeperidently hydrocarbon groups d-Cso, optionally containing one or 
more heteroatoms; esteis of fatty adds with glycerol; and esters of fatty adds with 
diolesterol; and 

10 e) at least a biocatalyst, selected frorn the group consisting of enzymes, cells, cellular 
components, tissues, ixnmunoproteins and DN A. 

In the biosensors of the invention, said biocatalyst (e) can be either incorporated into the 
- body of the composite transducer, made up bf coinppnents (a>-(d), or applied onto the 
surface of said a>mpodte traiisduccr, in the fo^ 
15 Thebioserisorof the invention can be optionaUy covered by a suitable memb^ 

When said biocatalyst is an enzyme requiring the presence of the correqxmding. ccH 
. factor, the biosensors of the invention comprise even said co-factor. 
Furthemiore, the present invention concerns a process for the preparation of a biosensor 
as described above, comprising the following steps: 
20 1 ) mixmg said electro-conducting material with said chemical mediator; 

2) optionally mixing the mixture obtained in step (1) with said substance capable of 
sorption of the chemical mediator, 

3) optionally mixing the mixture obtained in step (1) or (2) with said biocatalyst; 

4) suitably mixing the mixture obtained in step (1), (2) or (3) with said solid binding 
25 maker; 

5) introdudng and option^y pressing the mixture obtained in step (4) in a suitable 
bolder, thus obtaining a compact form; 

6) when step (3) is not worked out applymg a biocatalytic layer onto the surface of the 
transducer obtained in step (5); 

30 7) optionally covering the biosensor obtained in step (5) or (6) with a suitable membrane. 
A funher object of the prcscni invenlion is a procedure for the determination of analytcs 
concentration in sample solutions or suspensions, comprising applying suitable electrode 
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potcnUal. conu^cing the bioscBsor of Ac invention with, said sample solutions or 
suspensions and finally »as„ri„g conen, changes/which 3,c p„,portional ,o the 
concentration of the analyte. 
DESaaPriON OFTHEDBAWINGS 
5. figure 1 shows a prefened embodiment of a bio^nsor According to the present 
invention, wherein the composite transducer 2 is cylindrically shaped and is allocated in 
an envelope 1, made up of a glass or plasUc cylinden a membrane or net 4 can fi:i the 
biocatalyst to the transducer 2. In Rg™^ M. said Mo^^^^^ 
of said iransducer 2 in the form of a layer 3; in F^. IB. said biocatalyst 5 is 
10 mcorpmatcd into the bulk of the transdnarZ 

Figure 2, 3. and 13 are cyclic voltamuMJgran^ obt^^^ 
respectively in examples 1, 2 and 12: 

Figure 4 shows the relationship between cmrent valbe and glucose conce.tiaUon with 
the "bulk" biosensor prqwed in example 3. 

15 f'g-^SshbwstberelationshipsbetweenpoIarfeaUon^ti^^ 

thebic»«nsprof example 3 (curve l)and of a simibrbiose^^^ 
bmdmginakcr,piepaied as described m the comparative example 4 (curve 2)l 
Figures «-8, Ift, 14 and 19 show the relationship between cmrent values and glucose 
concentrations with the biosensois prepared respectively in examples 5-7. 9. 18 and 19 

20 Figures 9, 11, 12 n„d 16^8 show ibc relationship between currem values and ethanol 
concentrations with the biosensors prepared respectively in examples 8. 10. 11 and 15- 

Figure 15 shows the relationship between cunent value and fo^^^^ 
•he biosensor prepared in example 14. 

DETAII^D DESamriON OFTHElNVEimON 

The charBcleristics ai,d the advantoges of the new elecUochemical biosensors based on 
new composite transducers, according to the present invention, will be better reported in 
ibc foUowing detailed description. 

•n.e biosen^^ according to the present invention are capable of quantitatively 
30 de.enDming.a specific analyte comained ih a sample, such as a solution or a suspension 
in a r^pid and easy n^aiiucr. furtbennore. said biosensors show good mechanical 
properties, particularly compacmess and plasticity, and do not disgregate during the use 
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These advantages are mainly dne to the use of solid binding maker as esseotial 
innovative component, of the transducer, giving solid compact mixtures with high 
stability, efGdent communication betwieen redox center and electrode, stability of the 
biocatalyst and retention of the chemical mediator, thus overcoming carbon paste 

5 drawbacks of the prior ait. 

According to a prefcned embodiment of the biosensors according to the present 
invention^ said electro^conducting material, said chemical, mediator, said solid binding 
maker and optionally said substance capable of sorption of said chemical mediator are 
mixed together and piessed to give the composite transducer, in the form of a comj^Qt 

10 solid mixture. The biocatalyst can be either incorporated into the bulk of said composite 
transducer or applied onto the transducer surface in the fonn of a fihn layen 
Accbfding to another embodiment of the biosensors of the invention, the composite 
transducer does not contain the chemical mediator, which is directly added to the sample 
solution or suspension to be tested. 

15 Alternatively, said chemical mediator can be contained, at the same time, in the. 
composite transducer and in the sample solution or suspension. 

Said electro-conducting miaterial, in the form of powder or grains, is preferably selected 
from the group consisting of metals, such as gold, platinum, palladium, iridium, and their 
alloys, carbon and graphite, this electro-conducting material has preferably a 

20 granulometry raiiging from p.OS to 200 pm. 

iSaid chemical mediator is one of the natural and synthetic mediators conunonly used in 
the biosensors known in art, and is preferably selected from the group consisting of 
cytochromes, quinones, aminophenols, electionaccepior aromatic compounds (e.g. 
TTF=tctrathiafiilvalene and NMP=N-methylphenazinium), electrondonor aiomalic 

25 compounds (e.g. TCNO=teliacyano-p-quinodimethancX organic conducting salts (e.g. 
TTF.TCNQ = teliathiafulvalcne7,7,8,8-tetracyano-p-quinodimethane an^ NMP.TCNQ 
= N-methylphcnazinium 7,7,8,8-tetracyano-p-quinodimcthane), organic dyes, 
metallocenes, organomciallic complexes of Os, Ru and Y, inorganic complexes of Fc. 
More preferably, said chemical mediator is ferrocene, l,r-dirnethyl-fenoccne, 

30 hexacyanoferTale(n)orhexacyaDofenate(III). 

Said substance capable of sorption of the chemical mediator is any substance having 
adsorption and ionic-exchange properties, preferably scleaed from the group coiisisiing 
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Said tbdtog ^ i, , ^ ^ ^ ^ 

0 '> ""-"^^l or 

. poh. g^ip s^cd *«. -OH. -SH, -NH2. -CO-. .fflO. -S03H. -COOH -om 

-SK, .^ra «, -coo,, .w.^ „, ^ ^^^'^ 

groups CrC^ optionally containing one or iflfare hetcipatoms; 

ii) csteisof&tty adds with glycerol; ^ 

iii) esteis of fiatty adds with cborestca*)]. . 

b»xadeca»„e,,tMd«yla,,,i,,^ciO)Sa«,orlelnict^ 

Wbcn ... «a .i^ding befcng, „ d;^ <i,^ « , H 0, 

Of wi* ,„„ eddsco.^,, ao.,,2 K, 24 c*™ ««; mo.^^,, ^ 

soM bmdnig maker is rtomsieao,! glycooi o, ledilm 

Wbco .h. solid bi,Kli.g «d,„ b*««s „ « i, is W^ 3. ^ ^ 
cWcsic™. wiu. , r«„ »,i, »„„ i2 „ 24 ^ p„fc^„. 

sa.d sobd bi,^8 13 cl»l«.,,, dK,te«.,, W or 

olcale. 

Said «,bd binding .aker plays a leading role in the con.position of the a«„posite 
transducer of .he biosenso. of the invention; in fact, said c»n.pound is capable of 
-part^ng i„,p„,ved mechanical properties to the transduce itself, espedally 
con^pacness and plasticity, in comparison with the Cnnnon carton pastes of the prior 
art. where pasting liquids were used. Furthermore, said solid binding n.alcers ensure a • 
higher compatibility with the bio<..a,yst and the chemical mediator; moreover, their are 
capable Of exerting an ac.ion in support of the substances capable of soT,tion of the 
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chemical mediator (the presence of which, is only optional), thus accounting to physical 
immobilisaticHi of both the biocataiyst and the chemical mediator. 
Said solid binding |naker is also able to secure a snitabte molecular environment within 
the transducer body, whkfa allows an efficient electron transfer among the redox centre 
5 of the biocataiyst, the chemical mediator and the conducting mat»iat, and subsequently 
great effectivity of the biocatalytic process, high conductivity and stability, during both 
storage and use. 

Hnally, thanks to said solid , binding makers, it is possible to obtain solid-state 
transduces according to the desired forms and shapes; the absmce of these binding 
10 makers leads to a drastic reduction of the biosensor performance and to the loss of its 
mechanical properties. 

Said biocataiyst can be constituted of one or more enzymes able to catalyse a redox 
reaction, cells, cellular components, tissues, irnmunojp^roteins or DNA. 
. Preferably, said biocataiyst belongs to one bfthefoUowing classes: . 
15 enzymes, preferably selected from the group consisting of glucose oxidase, galactose 
oxidase, glycollate oxidase, alcohol oxidase, cholesterol oxidase, polyphenyl oxidase, 
ascorbate oxidase, lipoxygenase, lipoxidase, peroxidase, catalase, xanthine oxidase, 
P3rruvate oxidase, p-galaclosidase, invertase, cfaolinesterase, citrate lyase, amylases and 
mixtures thereof; 

20 - enzymes which require the presence of a co-faetor, in association with said co-factor, 
preferably selected from the group consisting of glucose dehydrogenase, alcohol 
dehydrogenase, fructose dehydrogenase, malate dehydrogenase, lactate dehydrogenase, 
mannitot dehydrogenase, glycerol dehydrogenase, isodtrate dehydrogenase, galactose 
dehydrogenase, glucose phosphate dehydrogenase, tartrate dehydrogenase and mixtures 

25 thereof; 

- cells, preferably selected from the group consisting of Gluconobacter oxidans, 
Escherichia coli, Aspergillus niger, Pseudomonas fluorescens, Trichosporon brassicaej 
Saccharomices cerevisiae, Breviacterium haofermentum, Enterobacter agglomerans, 
Leuconostoc mesenteroides, Nocardia erythropolys and mixtures thereof; 
30 - immunoproicins and immunosysiems based on antibodies labelled by enzymes. 

When the enzyme requires the presence of a co-factor, said co- factor is preferably 
seleaed from the group consisting of NAD, NADH, NADP, NADPH, FAD, FMM and 
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quiDOrtcs, The co-factor is contained, as well as the conesponding dnzyibc in the 
biosensor of the invention: 

In particular, according to a ^dfic embodiment, both the enzyme : and the 
conesponding co-factof can be contained in the bulk of said biosensor, alternatively, 
both the enzyme and the conesponding co-factor can be appUed onto the surface of said 
transducer, in the form of a layer, othenvise, the enzyme can be applied as a layer onto 
the surface of said transducer, while the conesponding co-factor is incoiporated in the 
body of the transducer itself. 

The bioschsois of the invention can be optionaUy covered with a suitable membrane. 
Said membrane can be one of the different types of dialysis membranes known in the 
Slate of the art, preferably based on cellulose acetate or ccllophahc®, or it can be a 
membrane based on nilroceUulosc, PVC; Teflon, Nylon, polycarbonates or polycsteis. 
The quanlilaUve composition of the above described composite transducer, with 
reference to 100 parts by weight of the composite transducer itsclt composed of 
15 components (aHdX is as follows: 

a) electro-conducting material: from 20 to 80%, and preferably fiom 3D to 60% by 
weight; 

b) chemical mediator: from 05 to 30%, and preferably from 1 to 10% by weight; 

c) substance capable of sorprion of said chemical mediator: from 0 to 30%, and 
preferably from 1 to 20% by weight. When said substance is silica, alumina or zeolites, 
from 0 10 30%, and preferably from 5 lo 20% by weight; when said substance is 
.Nafion®, from 0 lo 5%, and preferably from 1 to 3% by weight; 

d) solid binding maker from 10 to 80%, and preferably froni 30 to 60% by weight. 

In the "bulk" biosensors according lo ibe present invention, the biocatalyst content 
25 ranges from 1 lo 30% by weight, wiih respecl lo the weight of ihe composite transducer. 
When said biocalalysi is an enzyme requiring ihe presence of a co-factor, the quantity of 
..co-factor ranges from 0.5 lo 30%, and preferably from 3 lo 10% by weight of the 
composite transducer. 

The biosensor of the present invenlibn can be prepared according to different shapes and 
30 geometries. Figure 1 shows a cylindrica] biosensor; however, it can be prepared even in 
oiher geometrical shapes, such as in the form of paralJelepipedon, sphere, plate, fihn, 
screen printed layer and so on. 
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The composite tzaiisducer can be prepared.accordu 

1) said electio-conducting material is mixed with said 

2) the thus obtained mixture is optionally mixed with said substance capable of soiption 
of the chemical mediator; 

5 3) the mixture obtained in step (1) or (2) is suitably mixed with said ^lid binding maker; 

4) the mixture obtained in stage (3) is. ixitroduced and optionally pressed in a compact 

fdrm« thus obtaining, the composite transducer. Said ODxnpo$ite transducer can be 

smoothed at the base, for example on a sheet of common papen 

In step Q)y the admixing of the solid binding maker has to be carried put by preferably 
10 mixing according to one of the following procedures: 

- vigorous mechanical mixing of all solid components; 

- mixing in the presence of a suitable solvent which is then eyaporated, preferably 
chloroform or ethanol; 

- mixing the mixture obtained in step (1) or (2) with the solid binding maker in melted 
15 stale. 

For the preparation of a preferred embodiment of the biosensor of the invention, a 
biocatalytic layer can be applied onto the base surface of said composite transducer* as 
shown in Figure lA. 

Alternatively, according to another embodiment of the biosensor of the invenrion, the 
20 biocatalyst can be directly incorporated in the body of the composite transducer, as 
shown in Figure IB, by its admixing in step (3X thus obtaining a "bulk'* biosensor. 
Finally, the biosensors of the inveiition can be covered, by a suitable membrane, as 
described above. 

The biosensors according to the present invention show high spedfidty and sensitivity, 
25 and can be advantageously used in human and veterinary diagnostics^ in industrial 
processes, in the quality control of food, in biotechnology, in the pharmaceutical 
industry, in the environmental monitoring and so on. 

The procedure for the detection and quantification of analytes, in sample solutions or 
suspensions, comprises applying suitable electrode potential, contacting a biosensor 
30 according to ihe present invention, as described above, with said analytes solutions or 
suspensions and finally measuring current changes, which are proportional to the 
concentration of the analyte. 
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The foUwving examples arc reported for illiistrative/lwl not limitative puipc^ 
Example 1 . 

Prejaratfon of a tmnsduceir cootainiiig monosleirbyl glycerol as solid bioding 
maker. 

1 g of synthetic graphite powder (Aldiicb, Cat. No. 28, 286-3, 1994) was added to a 

sototion containing 62 mg of i.r-dimethyl-fenocene (Aldrich) in 5 ml of chlbroform: 

The ihiiture was stiiicd at room teinperature until chloiofonn was completely 

evaporated; 180 mg of the above mixture were mixed thoroughly with alumina (20 mg. 1 

Mm average particle sizeX Mbnoslcaroyl ^yceroi (200 mg) was added and mixed. 

nic thus obtained mixture ym introduced in a bottomless glass tube, having an imier 

dia^ieter Of 2 mm, and pressed with a glass rod. The smfecc of the electrode was 

smoothed on a sheet of ordinary paper. The electric, contact was made through a copper 

wire. TTie obtained transducer was tested by cyclic voltammetry under the foUowing 

condiUons: 0.1 M sodium phosphate. pH = 6J, saturated With mtrogen. scan rate 

lOOmV/s. instrumentation Amd - model 433V; saturated caloinel reference electrode 

(sag, Pt tounter electrode. The cydic voitannflmpam is showj in 
E^mple2 

Prqparatlon of a transducer containing moDost«an>yI glycerol as solid biiidiiig 
maker. 

Graphiie powder was added to l.r-dimethyl-farocene, as described in Example l! Ihc 
obtaiijed product (200 mg) was thoroughly mixed with Nafion® (100 |il of 5%. Aldrich, 
. No. 27,470-4, 1994) and then with monostearoyi glycerol (2^^ 

mixture was introduced in a bottomless glass tube and tested under the conditions 

described in Example 1. The cydic vohammogiam is shown in Figure 3. 
25 Example 3 . 

Preparation of a "bulk" biosensor for the determination of glucose, contaimng 
mpnostearoyi glycerol as solid binding maker. 

Graphite powder was added to 1.1 '-dimethyl-fenoccne, as described in Example 1. The 
obtained mixture (200 mg) was thoroughly mixed with Nafion® (100 nl of 5%, Aldricb, 
30 Git. No. 27,470-4, 1994). Tht obtained product (190 mg) was thoroughly mixed with 
glucose oxidase (10 mg, Sigma. Cat. No. G -7016) and then with monostearoyl glycerol 
(200 mg). The mixtmc was btroduced in a bottomless glass mbe. having an inner 
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diameter of 2 mm, pressed with a metal rod add the base surface was smoothed on a 
sheet of ordinary paper. The thus obtained biosensor was covered with a dialysis 
membrane (Spcctra/Poi® MWCO 6,000-8,000)^ by means of an O-ring. The biosensor 
was polarized at 250 mV vs. SCE The response of the biosensor was recorded in a buffer 
5 soluUon (0.1 M sodium phosphate, pH = 6.5X under nitrogen stream (to avoid the effect 
of oxygen)» for several glucose concentrations. The relationship between glucose 
cohcentradon and current change is shown in Figure 4. Tl 

concentration of 12 mM. The equation for the linear part of the response is I = 0,013 f 
0^64c, where I is the current value [|iA] smd c is the glua^e concentration in mM, the 

10 coefficient ofregressionr being 0,9997. 

The obtamed biosensor underwent also stability tests. II was polarized at potential of 250 
mV vs. SCE in a buffered solution of glucose (4 mM), saturated with m'trogen, and the 
response was recorded after various polarization tunes. The relationship between relative 
sensitivity and polarization time is shown in Kgure 5 (curve 1). 

15 Comparative example 4 

Preparation of the !*bttlk'' bioseiisor of Kcample 3, in the absence of monostearoyl 
glycerol as solid binding maker. 

A biosensor was prepared as described in Example 3, without adding monostearoyl 
glycerol as solid binding maker. In order to confer consistency to the transducer, 
20 ordiiiary wax was added to the mixture instead of monostearoyl glycerol. The sensor 
underwent stability tests, as reponed in Example 3. Figure 5 (curve 2) shows that, in the 
abseiice of a suitable solid binding maker, the stability of the biosensor is significantly 
reduced. . • 
Examples 

25 Preparation of a "bulk" biosensor for the determination of glucose, containing 
cholesteryl oleate as solid binding maker* 

Graphite powder was added to l,r-dimelhyl-fcrroccnc, as descrit>ed in Example 1. The 
obtained product (45 mg) was thoroughly mixed with alumina (10 mg), glucose oxidase 
(4 rog) and cholcstcryl oleate (42 mg, Sigma, Cat. No. C-9253, 1994). The obtained 
30 inixture was introduced in a bottomless glass lube, having an iimer diameter of 2 nam, 
and pressed with a metal bar. The base surface was then srboolhcd on a sheet of ordinary 
paper. The thus obtained biosensor was covered with a dialysis membrane 
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(Spccara/Poi®, MWCO 6.000-8,000) by means of an O-ring. n« eicctiode 

polarizd al 300 mV vs. SCE Tie itsponse of the decti^^ 

soluUon(0.1Msodiumpho!?)hate,pH=:6.5Xunder nitrogen stream 

of oxygcnX at several glucose concentratioBS. He relationship between glucose 

5 concenUauon and current change is shiwn in Rgiirc 6. 
Example 6 

Preparation of a -bulk" biosensor for the determiiiatlon of glucose, containing 
lecithin as solid binding maker. 

Graphite powder was added to l,r-dimethyl-feii6cehc, as described in Example 1. 

10 The obtained product (45 mg) was thoroughly mixed with^ alumina (10 mg). glucose 
oxidase (4 mg) and ledthin (30 mg.' Fhika, Cat. Na 61755» 1993-1994). He obtained 
mixture was introduced in a. glass tube, pressed and sinooihed, and the obtained 
bioseisor was covered with a dialysis mcmbhme. as described abov^ The obtained 
electrode was polarized at 300 mV vs. SCE The response of the bfosensor was recorded 

15 in a buffer solution (0.1 M sodium phosphate. pH = 6S), under nitrogen stream (to 

avoid the effect of oxygen^ at several glocosc concentrations. Hie relationship between 

glncoscconcMtration and current change is shown in Kgnre 7. 
Example 7 

Preparation of a "bulk" biosensor for the detemiinatten of glucose, containing 

20 roonostearoyi glycerol as solid binding maker. 

1 g of graphite powder was added to a solution of 62 mg of tctrathiafiilvalene (Aldrich, 
Cat. No. 18318-0, 1995) in 5 hil of chloroform, as described in example 1. 45 mg of die 
obtained product were thoroughly mixed witH aflumina (10 mg); glucose oxidase (4 mg). 
and monosteaioyi glycerol (45 mg). The obtained mixture was intrbdoced in a glass tube; 

25 pressed and smoothed, and the obtained biosensor was covered With a dialysis 
mcinbrane, as described above. The obtaitied electrode was polarized at 306 mV vs. 
SCE. The response of the electrode was recorded in a buffer solution (0.1 M sodium 
phosphate, pH = 6.5), under nitrogen stream (to avoid the oxygen inOncnce), at several 
glucose concentrations. The relationship between glucose^ concentration and cunent 

30 change is showii in Figure 8. 
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Example 8 

Preparation of a "bulk" biosensor for the determination of ethanol, containing 
monostearoji glycerol as sc^d Unding malcer. 

1. Prq>aration of G/tfconotecferiujifaiif cells . .. 
5 CtU&of Cluconob^cter cordons C(Mi7S3wm^ 

glyceibl, 5 g of ycasl extract per 1 1. tap water), at 30*C In the late exponential phase 
(ODfisQS 0.6X ^ suspension was centrifoged (5 min at 4^00 ipmX washed three limes 
with a sphition of Nad (10 g/1) and dried under reduced pressure. 

2. Preparation of biosensor 

10 Graphite powder was added to l.r-dunethyl-fenoccne, as described in Example L 

The obtained product (200 mg) was thoroughly mixed with Nafion® (100 ^1 of 5%, 
Aldridi, Qtv No. 27,470-4. 1994). The mixture (120 mg) was thoroughly mixed with 9 
mg of the dried biomass of Gluconobacter oxyddns and then with monostearoyl glycerol 
(120 mg). 

15 The obtained mixture was introduced in a glass tube, prised and smoothed, and the 
obtained biosensor was covered with a . dialysis membrane, as described above. The 
biosensor was polarized at 250 mV vs. SCE. The response of the biosensor was recorded 
in a buff(^ solution (0.1 M sodium phosphate, pH-6J), under nitrogen stream (to avoid 
the effect of oxigen), at several ethanol concentrations. The relationship between ethanol 

20 conceiitration and current change is shown in Figure 9. 
Example 9 

Preparation of a biosensor for the determinatioD of gincose, based on a layer of 

glucose oxidase and containing monostearoyl glycerol as solid binding maker. 

A transducer was prepared as described in Example 2. Glucose oxidase (2 ^1, 100 

25 mg/ml) was then applied on the base surface of the transducer. After drying, the obtained 
biosensor was covered with a dialysis membrane (Spectra/Poi® MWCO 6,000-8,000X 
by means of an 0-ring. The obtained hic»ensor was polarized at 250 roV vs. SCE. The 
response was recorded in a buffer solution (0.1 M sodium phosphate, pH = 6.5X under 
nitrogen stream (to avoid the effect of oxygen^ at several glucose concentrations. The 

30. relationship between glucose concentration and cunent change is shown in Figure 10. 
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Example 10 

PreparaUpn of a bipsensor for Uie deteminatioii of etbanol, based on a layer of cells 
of Gluconobaaer oxydans and contaimng monosteroyi glycerol solid binding 
maken 

5 1. Preparation ofC/iicortotec/eraQ^dbny cells 

cells olGhconobactero^^dans CCM 1783 were grown under the conditions described 

in Example 8. to the late exponential phase (0D^ = o.6V a pan of the suspension (25 

ml) was centiifoged (5 min at W rpm). washed three times with a solution of NaQ 

(10 g/1) and finally resuspendal in the same NaQ solution (1 mix 
10 2. Freparation of biosensor 

A disc of filter paper was put onto a Petri dish and the paper was soaked with Nad 
solution. A disc of membrane for microfiltration (Milliporc, HA 45 |im porosity, 5 mm 
diameter) was put onto said soaked filter paper arid the suspension of Gluconobacier 
xaydam (10 was applied onto the membrane. After suction of the liquid, the disc was 
put onto the base suifeceof the transducer, prepared as reported in Example 2, and fixed 
by means of a nylon net and of an O-ring. The biosensor was polarized at 250 mV vs. 
SCE. nie response, of the biosensor was recorded in a buffer solution (0.1 M sodium 
phosphate, pH = 6.5X under nitrogen stream (to avoid the effect of oxygen), et several 
cthanol concentrationMhe iciationship between ethanol concentratioii and cunent 
20 chaogeisshowninRgure 11. 
Example 11 

Preparation of a "bulk" biosensor for the detormliiation of ethanol, containing 
monostearoyi glycerol as solid bindig maker. 

Graphite powder was added to l,r-dimethyWerrocene. as descnlKd m Exam^^^ 
TTie obtained mixture (40 mg) was thoroughly mixed with alumina (10 mgX NAD (5mg, 
nuka. Cat N' 43407, 1995-1996) and alcohol dehydrogenase (3 mg. Sigma Cat. N'A- 
7011, 1995). The thus prepared product was mixed with monostearoyi glycerol (42 mg). 
Hie mixture was introduced in a glass tube, precssed and smoothed, and the obtained 
biosensor was covered with a dialysis membrane, as described above. The obtained 
biosensor was polarized at 250 mV vs. SCE. The .esponsc of the biosensor was recorded 
in a buffer solution (03 M TRIS-HQ buffer, pH = \z\ at several ethanol 
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concentrations. The relation^p between ethanol coi^icentiation and ctiirent change is 
shown in. Figure 12. 
Example 12 

Preparation of a transducer containing cholesteryl myristat^ as solid binding 
5 inaken 

1 g (Df graphite powder was added to 62 mg of ferrocene, as descril)ed in Example 1. 
Chblestcryl mynstate (200 mg. Sigma, Cat J^o. C-5076, 1994) was melted in a porcelain 
dish, immersed in an oil bath heated to 85 •Q the above modified graphite (150 mg) 
was added into the melted mass and thoroughly mixed. A PVC tip (inmcr diameter 2 mm, 

10 outer diameter 5 mm, length 20 mm) was used as a hbldCT of electrode, btp said tip, a 
brass stick (diameter 2 nun, length 70 mm) was inserted to create cylindrical space 
(thickness 2-3 mm). The iqjacc was filled with the melted mass. The electrode was left to 
cool to room temperature and the excess of the material was cut out on a sand paper 
(type P 1000). liie surface was then smoothed on a diect of common paper. The 

15 transducer was tested by cydic voltammetry, under the conditions described in Example 
1. The voltammogram is shown in Figure 13. 
Example 13 

Preparation of a biosensor for the determination of glucose, based oh a layer of 
glucose oxidase and containing cholesteryl mynstate as solid bindig maker. 

20 A solution of glucose oxidase (2 ^1, 10 mg/ml) was put and spread over the surface of a 
transducer, prepared accordmg to Example 12. After drying, the electrode was covered 
by a dialysis membrane (5pecfrfl/Por®, MWCO 6,000-8,000X by means of an O-ring. 
Tie electrode was polarized at 300 mV vs. SCE. The response of the electrode was 
recorded in a buffer solution (0.2 M sodium phosphate buffer, pH = 8\ for various , 

25 glucose concentrations. The relationship between glucose concentration and current 
change is shown in Figure 14. 
Example 14 

Preparation of a biosensor for the determination of fructose^ based on a layer of 
fnictose debydrogoiase and containing cholesteryl mynstate as solid bindig maker. 
30 A solution of ftuctose dehydrogenase (1 pi, 18 mg/ml, Sigma, CatJ^o. F-4892, 1995) 
was put and spread over the surface of a transducer, prepared according to Example 12. 
After drying, the clccuode was covered by a dialysis membrane, as described above: The 
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clcctrode.was pplarizcd at 300 mV vs. SCE the response of the electrode was recorded 
in a buffer solution (0.2 M sodium phosphate buffer. pH = 5.8X for various ftuctosc 
concentrations. Jbc relationship between fructose concenti^tion and current change is 
shown in Figure 15. 
Exampieis 

Preparation of a biosensor for the determination of etbanol, containing cbolestenrl 
myristate as solid bindig maker, supplementing the tested solutions With a chemical 
mediator. 

NAD (8 mg) was dissolved in distilled water (1 ml) and graphite powder (74 mg) was 
added. The obtained suspension.was stirred for SO minutes at room tcmptiratuic. Water 
was then evaporated, under reduced pressure. Tie obtained product was added into 
melted cholesteryl myrij^ate (120 mgX thoroughly mixed and Uie^ 
PVC tip. under die conditions indicated In Example 12. Tbt obtained electrtxlfe was left 
to cool to room temperamrc and the excess of the material was cut out on a sand paper 
Oypc P 1000). The surface was men smoothed on a sheet of common paper. A solutions 
of ADH (1 fd. 5 mg/ml) and diaphorasc (1.5 fd, 50 mgtoi, Sigma, Qim p-554a 
1995) were mixed and spread over the surfecc of the obtained transducer! After drying, 
the clectiodc was covered by a dialysis membianc. as described above TTie obtained 
electrode was polarized at 300 mV vs. SCE. The response of the electrode was recorded 
in a buffer solution (03 M TTUS-HQ buffer. pH = 8.8). supplemented witi. 2 mM 
hcxacyanoferrate (Ul), for various cthanol concentrations. TTic relationship between 

ethanol concentration andcurrent change is reported in Kgurc 16. 
Example 16 

Preparation of a biosensor for the determination of ethanol, containing chblsteryl 
mrristate as solid bindig inakcr, supplementing the tested solutions with a chemical 
mediator. 

NAD (8 mg), diaphorase (6 mg) and ADH (2 mg) were dissolved in distiUed water (1 
ml) and graphite powder (70 mg) was added. The suspension was stirred for 30 minutes 
31 room temperature. Water was then evaporated, under reduced pressuri:. The obtained 
product was added, into melted chblcslcryl myristate (125 mg), thoroughly mixed and 
then introduced into a PVC tip, under the conditions reported in Example 12. The. 
obtamed electrode was left to cool to room temperature and the excess of the material 
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was cut but on a sand paper (type P. 1000). The surface was then smoothed on a sheet of 
common paper and covered with, a dialysis .meminane, as desribed abova Hie electrode 
was polaxized at 300 mV vs. SCE. The response of the electrode was recorded in a bufiTer 
solution (0^ lA TRIS-HO buffer, pH = 8.8) supplemented with 2 noM hexacyanofeirate 
S (niX for various ethanol concentrations. The relatiomhip between ethao 
and current change is shown in Hgure 17. 
Example 17 

Preparation of a '^bulk" biosensor for the determination of ethanol, contaiidng 
chplesteryl myristate as solid bindig maker, supplementing the testied solutions with 
10 a chemical mediator. 

NAD (5 mg), diaphorase (4 mg), ADH (2 mg) and graphite powder (60 mg) were 
thoroughly mixed in a mortar; to the obtained ihixture, cholesteryl myristate (95 mg) was 
added and mixed. Odoroform (80 ^!) was added and the mixture was Vigorously stirred, 
until the solvent was evaporated. The fmal prod[uct was introduced into a pyc tube» 

15. having an inner diameter of 2 nmi, and pressed with a metal rod. The surface was then . 
smoothed on a sheet of cormnon paper arid covered with a dialysis membrane, as 
.desribed above. The obtained electrode was polarized at 300 mV vs. SGR The response 
of die electrode was recorded m a buffer solution (05 M TRIS-HQ buffer^ pH = 8.8), 
supplemented with 2 mM hexacyanoferrate (III), for various ethanol concentrations! The 

20 relationship between ethanol concentration and current change is shown in Figure 1 8. 
Example 18 

Preparation of a "bulk" biosensor for the Mdeterminatioii of glucose^ containing 
hexadecanone as solid binding maker. 

1 g of graphite powder was added to 62 mg of fenocene, as described in Example 1. 450 
25 mg of the obtained product were thoroughly mixed with a scdution of glucose oxidase 
(50 mg of glucose oxidase in 0.5 ml of water) and water was evaporated under reduced 
pressure. 53 mg of the mixture was fiirtherly mixed with melted hexadecanone (70 mg), 
at the temperature of 50*C, and the obtained mixture was introduced into a PVC tip, 
cooled, smoothed and finally covered with a dialysis membrane, as described in example 
30 12. The obtained electrode was polariied at 300 mV vs. SCE. The response of Ihc 
electrode was recorded in a buffer solution (0.2 M sodium phosphate, pH = 8X at several 
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glucose concentrations. Tht relationship between glucose concentration and current 
change is shown in Figure 19 (curve 
Example 19 . . 

Preparation of a 'bulk" bioseBspr for the detennination of ghicose, containing 
5 eicosane as solid binding inaker. 

A biosensor for the d««niiDation of glucose was prepared as described in example 18. 

withtheexceptipnofusingeicosancassolidbindingmakerii^^^^ . 

The obtained electrode was polarized at 300 mV vs. SCE. The response of the electrode 

was recorded in a buffer solution (ft2 M sodium phosphate. pH = 8). at several glucose 
» concentrations. The ielatioi«hip between glucose concentration and oment change is 

shown in Figure 19 (curve 2). 
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CLAIMS 

1 1. An electiocbemicai biosensor comini^ 

2 a) al Icasl an electro-conducting material, in the fdnn of powder or grains; 

3 b) at least a chemical mediator; 

4 c) optionally, a substance capable of soiption of said diemical mediatoi; 

5 d) at least a solid binding mak^, selcdcd from the group consisting of: linear 6i 

6 branched, saturated or unsaturated hydrocarbons, containing from 12 to 60 carbon atoms, 

7 optionally substituted with at least a group selected from -OH, -SH, -NH2, -CO-, 

8 -CHO, -S03a -COOH, -ORl, -SRI, -NR1R2 and -COORl, wherein Rl and R2 arc 

9 independently hydiocartjon groups Ci-Cao, optionally containing one or more 

10 heteroatoms; esters of fatty acids with glycerol; and esters of fatty acids with cholesterol; 

11 and 

12 e) at least a biocataiyst, selected from the group consisting of enzymes, cells, cellular 

13 corhpbnents, tissues, iiriinmiopfoteins and DNA. 

1 2. The electrodiemical biosensor according to claim 1, characterized by the fact that said 

2 biocataiyst is incorporated into the bulk of the composite transducer constituted of the 

3 components (a)-(d)l 

1 3. The electrodiernical biosensor according to claim 1, characterized by the fact that said 

2 biocataiyst is applied, in the form of a layer, onto the surface of the composite 

3 trarisducer constituted of the components (a)-(d). 

1 4. The electrochemical biosensor according lo anyone of claims 1-3, characterized by 

2 being covered by a suitable membrane. 

1 5. The electrodiemical biosensor according to claim i, characterized by the fact that said 

2 electro-conducting material has a granulometry ranging from 0.05 lo 200 pm. 

1 6: The elctrochemical biocataiyst according lo daims 1 add 5, characterized by the fad 

2 that said electro-conducting rnatoial is a metal selected from the group consisting of 

3 gold, platinuiD, palladium, iridium and alloys thereof. 

1 7. The clectrocheinical biosensor according to claims 1 and 5, characterized by the fact 

2 that said electro-conducting material is carbon or graphite^ 

1 8. The elecuochemica! biosensor according to claim 1, characterized by the fact that said 

2 chemical mediator is selected from the group consisting of cytochromes, quinones, 

3 aminopbenols, electronacceptor aromatic compounds^ electrondonor aromatic 
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4 coiflpounds, oiganic conducting sails, oigahic dyes. mctaUoccnes. oiganomcteUic 

5 compltate of Os,Ru and V.ddinoiganic complexes Of , Fc. 

9. TTie electrochemical biosensor according to claim 8, characterized by the feet that said 
chemical mediator is selected from the group consisting of TIF, NMP TCNQ 

TIF.tCNQ. NMP.TCNQ, fenocene. Ll'-dimethyl-fenocene. hexaqranofc'rnle (II) 
4 aild hexacyanofoiale (m). . 

10. TTie electrocbemical biosensor accdpiiiig to claim 1, characterized by the fact that 
said substance capable of sorption of the chemical mediator is sefected from the group 

3 consisting of siKca gel, alumina, zeoHtes and Nafion®. 

11. The electrochemical biosensor accdrding to claim 1, dharacterizcd by the fact that 
said solid binding makpr has a melting point ranging from 25 and 20(rc. 
12 The electrodiemical biosensor according t6 claim 1. characterized by the fact that 
said soUd binding maker is selected from the gmup consisting of bexadecanol. 
httadecanonc, tetradccylamine, cicosane and Iclracosane. 

13. The electrodhemical biosensor according to claim 1. characterized by the fact, that 
said solid binding maker is an ester of glycerol with fatty adds, selected from 

3 monostearoyl glycerol and lecithin. 

14. The electrochemical biosensor according to claim 1, characterized by the fact that 
said solid binding maker is an ester of cholesterol with a fetty add, selected from the 
group consisting of cholesteryl myristate. cholesteiyl stearate and cholestciyl pleale. 

15. Tbt electrodicmical biosensor according to daim 1, diaracterized by the fact that 
said biocatalyst is an enzyme, sclcaed from the group consisting of glucose oxidase, 
galactose oxidase, glycoUaie oxidase, alcohol oxidase, cholesterol oxidase, polyphehyl . 
oxidase, ascorbate oxidase, lipoxygenase, lipoxidase, peroxidase, catalase. xanthine 
oxidase, pynnrate oxidase, p-galaclosidasc, invertase, diolinesterase, citrate lyase, 

6 amylases and mixtures thereof. 

1 16. The electrodiemical biosensor according to claim 1. characterized by the fact that 
said biocatalyst is an enzyme requiring the presence of a co-factor, in assodation with 
saidco-faaor, selected from the group consisting of glucose dehydrogenase, alcohol 
dehydrogenase, fructose dehydrogenase, malate dehydrogenase, lactate dehydrogenase, 
mamutol dehydrogenase, glycerol dehydrogenase, isodtrale dehydrogenase, galactose 
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6 dehydrogenase^ glucose pho^hatc dehydrogenase, taiftrate dehydrogenase and mixtures 

7 theiepf. 

1 17. The electrochemical biosensor according to claim 16, characteiized by the &ct that 

2 said co-factor is sckcted from the group consisting of NAD, NM)H, NADP, NADPH, 

3 FAD, FMM and quinones. 

1 18. the electrochemical biosensor according to claim 1, characterized by the fact that 

2 isaid biocatalyst is composed of cells, selected from the group cbnsisiing of 

3 Oluconobacter oxidans, Escherichia coli, Asperpllus niger, Pseudomonas fluorescens, 

4 Trichosporon brassicae, Saccharomices cerevisiae, Breviaaerium lactofermentiim, 

5 Enterobacter agglomerans, Vsuconostoc mesenteroides, Nocardia erythropofys and 

6 mixtures thereof. 

1 19. The electrochemical biosensor according to claim 4, characterized by the fact that 

2 said membrane is selected from the group consisting of dialysis membranes and 

3 membranes based on cellulpsc acetate, cellophane®, nitrocellulose, PVC, Teflon, Nylon, 

4 polycarbonates and polyesteis. 

1 20. The electrochemical biosensor according to claim 1. characterized by comprismg, 

2 with reference to 1 00 parts by weight of the mixture of the components (a)-(d): 

3 a) eIectro-K:onducting material: from 20 to 80% by weight; 

4 b) chemical mediator: from 0 J to 30% by weight; 

5 c) substance capable of soiption of said chemical mediator: from 0 to 30% by weight; 

6 d) solid binding maker: from 10 to 80%.by weight, 

1 21. The electrochemical biosensor according to claim 20, characterized by comprising, 

2 with reference to 100 parts by weight of the mixture of the components (a)-(d): . 

3 a) electro-conducting material: from 30 to 60% by weight; 

4 b) chemical medialon from 1 to 10% by weight; 

5 c) substance capable of sorption of said chemical medialon from 1 to 20% by weight; 

6 d) solid binding maker: from 30 to 60% by weight. ' 

1 22. The elearocbemical biosensor according to claims 1, 10, 20 and 21, characterized by 

2 the fact that said substance capable of binding the chemical mediator is contained in a 

3 quantity ranging from 0 to 30% by weight, when it is silica, alumina or zeolites, and 

4 from 0 lo 5% by weight, when it is Nafion®, with reference to 100 parts by weight of the 

5 mixture of the components (a)-(d). 
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1 23: Tic electrochemical biosensor according to claim 2, characterized by the fiict that 
said biocataiyst incorporated mto the bulk of the composite transducer is contained in a 
quantity Kmging from 1 to 30% by weight, with reference to the weight of said 



2 
3 

4 transducer. 

24. A process fm the preparadon of a biosensor as described in anyone of daims 1-23. 
comprising the following steps: 

J) mixing an cledro^conducting material with a chemical mediator; 

2) optionally mfacing the mixture obtained in step (1) with a substance capable of 
sorption of said chemical mediator 

3) optionally mixing the mixture obtained in step (1) or (2) with a biocataiyst; 

4) suitably mixing the mixture obtained in step (l^ (2) or (3) with a soM binding makcn 

5) introducing and optionally pressing the mixture obtained in step (4) in a suitable 
9 bolder, thus obtaining a compact fomi; 

10 6) when step (3) is not worked out, applying a biocatalytic layer onto the snrfece of the 

11 transducer obtaioed in step (5); 
7) optionally covering the biosensor obtained in step (5) or (6) with a suitable inembrane. 

25. The process according to claim 24, characterized by the fact thal,.in step (4^ said 
solid bindiDg maker is mixed with the mixture obtained in step (1), (2) or (3) according 

3 to one of the following procedures: 

~ vigorous mechanical mixing of the solid components; 

- mixing in the presence of a suitable solvent which is then evaporated; 

- mixing with the solid binding maker in melted stale. 

26. A procedure for the determination of analyles concentration in a solution or a 
suspension, comprising: applying suitable electrode potential; contacting a biosensor, as 
described in anyone of claims 1-23, with said solution or suspension; and finally . 
measuring cuncnl changes, which are proportional to the concentration of said analyles. 

27. Ilie. procedure according to claim 26, characterized by the fact that the chemical 
mediator is contained in the bulk of said biosensor and/or in said sample solution or 

3 suspension. 

1 28. The procedure according to claim 26, useful for the determination of analytes 

2 concentration in human and veterinary diagnostics, in industrial processes, in the quaUty. 
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3 control of food, in biotcchnolpgy. in the phannaccutical indushy and in cnviionineiital 
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